Abstract-Web services bring more conveniences for users and developers. However, it makes user face the problem of service information explosion. The personalized service recommendation solves the problem. This paper proposes a method to predicting the system reliability which bases on user context information in mobile computing environment. The method construct user behavior model by formatting user location context and then quantitative verification is performed to estimating whether the recommended service meet the requirements of users. Finally, experiments are carried out to demonstrate the effectiveness of our method.
INTRODUCTION
With the development of mobile communication, wireless network, database, distributed computing, Mobile computing technology will enable the intelligent terminals to achieve data transmission and resource sharing via wireless networks. Mobile devices are increasingly becoming an indispensable part of human life. A large number of the Web applications on the PC and the Internet have been moved to the mobile platform. It's difficult for user to choose a satisfying one from massive web services with similar functions. Personalized service recommendations solve the problem in an active way [1] . In a variety of recommended models, collaborative filtering recommended technology is the most widely used [1] . With the rapid development of mobile device technology, context-based service recommendation research has become a hot spot. However, due to the limited resources of mobile devices and wireless network, such as battery life, storage, bandwidth and mobility, any abnormalities may immediately influence the correctness and reliability of service recommendation and seriously affect the user experience [2] . At present, most of the context-based recommended technology concern on recommending a correct Web service [3] and few studies provide relevant strategies to dynamically evaluate the functional and nonfunctional attributes of Web service before the service is recommended to users in mobile computing environment. But the nonfunctional property impacted by random behaviors commonly refers to Quality of Service (QoS), such as security, reliability and availability.
Therefore how to effectively evaluate QoS remains to be a big challenge in the area of Web service recommendation.
In this paper, we propose a method to make full use of location context obtained by mobile devices to describe user's state. A user's position represents a user's state. Assuming a state corresponds to a class of requirements, then construct user behavior model by way of migration probability matrix to describe user state transformation. The probability calculation tree logical (PCTL) can be used to describe the system requirement property, and the probabilistic model verifier PRISM can be used to check the demand property for estimating whether the recommended service meet the requirements of users. This paper is organized as follows: Section II introduces main techniques. Section III describes the approach to predicting the reliability of system . Section IV shows a case study and experiments to verify our method. Section V draws a conclusion and future research directions. 
II. MAIN TECHNIQUES

A. Service recommendation technology
The issue of service recommendation have been discussing since the mid -1990 s [1] . It has gradually developed into an independent research field. Personalized recommendation solutions have been improved and implemented by the Academia and Industry, and have been widely used in ecommerce platform. Traditional recommendation mechanisms commonly use collaborative filtering [4] . CF algorithms assume that in order to recommend items to users, first of all , evaluate the level of the item and then the item obtains the highest number of votes would be recommended to similar users. The collaborative filtering recommendation algorithm based on the Nearest Neighbor idea is mainly divided into two categories: user-based [5] and project-based [6] . Another branch of the collaborative filtering algorithm is model-based, such as Bayesian network model [7] , neural network model [8] , probabilistic model [9] and so on. The latter more considers the influence of the sparseness of the matrix on the recommended results in the actual situation while the number of users, items and services become large and large. Therefore, the CF algorithm based on model mainly use machine learning methods, through a large number of samples of training, to build a service requirements model, as the basis for the recommendation. In the model-based service recommendation model, combined with the user context, this personalized recommendation, the type of personalized service recommendation will enhance the accuracy of service recommendations and improve the experience of mobile users.
B. Context and Context process
With the rapid development of the mobile device (wearable equipment, smart phones) today, service recommendation technology is also increasingly intelligent. In the mobile computing environment, the recommendation technology will be more reference to the users' context information obtained by mobile devices. Context-based recommendation technology collects user information from mobile devices, fully user-centric and allow users to use resources on demand.
The concept of context-aware was first proposed by Schilit and Theimer in the early nineties [10] . The context information is divided into three categories [11] : User context, which contains personal information and preferences, often go to places, can also be users of instant temperature, pulse, heart rate and other information. Physical context can be position, temperature, humidity, environmental noise and traffic information. Time context refers to a period of time, one day, a week, a month or a season. etc. [11] . In the three ways [11] to get the context, direct access to the context is the most straightforward and accurate. At the same time , it is very important to obtain the contextual information by implicit and reasoning methods.
For instance, the geographical location of the mobile user can be detected by the increasingly sophisticated mobile data network and positioning system [12] . Tour guide service [13] and commercial recommendation service [14] are recommended by using the user's contextual information (location, ID and time). How to use the mobile computing technical ability to search the most satisfying user's interest and real-time demand service is one of the main problems of our study.
We generate a lot of context information at all times, such as heartbeat, body temperature, location, movement speed, etc., which can be collected by mobile devices and be used to provide us with intelligent services. Mobile devices already have the perceive ability which traditional personal computers do not have. Mobile devices are able to perceive a dynamically changing context. Our another article [15] proposes a contextbased service intelligence recommendation mechanism in which the serialized context information is used as the input parameter of the hidden Markov model to predict the user's next state by learning the model's problem This is the basis for the recommendation. In that case, user need not explicitly request a service access, but rather the system infers the user state based on the contextual information obtained by the mobile device.
Not all of the context information is useful and context sensed from different sensors may conflict to each other, useless context information must be filtered out. In this paper, we only need user location context by means of active context awareness [11] . Valid information should be formatted. The structure and properties of the context can be described by ontology. Common ontology language is an object-oriented language which described a domain by classes and attributes [16] . The defined form of expression is (subject, predicate, object), where the objects of the ontology is expressed by subject and object, the predicate means the attribute relation.
Fig. 2. Partial OWL serialization of the upper ontology
Taking into account the equipment performance and resource saving, context information acquisition time interval can be determined by the heartbeat mechanism whose cycle is not fixed [11] . So the user's context information is detected and updated once in a while, we can get the user's contextual information in real time to infer the user's state. [17] . Dynamically changing formatted context information can form a sequence. We agreed to get the user context information from mobile devices every 10 seconds. By mean of a set of formatted context information to determine the user's requirements which correspond to a web service with similar functions
C. Reliability Estimate
The traditional way of interacting between users and Web services is that when a user makes a request for a service, the user interacts with the web service by a series of coherent interactive requests Interaction, such as login, browse, search, payment and other operations. The context-based service recommendation model is based on user context information to infer the user's current state. Faults may be occurs during service recommendation since bandwidth fluctuations, connection instability and too long wait time. These faults are caused by the characteristics of the mobile computing. In addition to improving the hardware, it's an effective means to improve the accuracy of the service recommendation by preevaluate the reliability.
Service reliability analysis is an analysis of the reliability of existing Web services and predicts future trends in service reliability. We use regression analysis approach [19] to do reliability estimate for web service recommendation. In the service reliability analysis process, the reliability of the recommended Web service behavior is evaluated by analyzing the probability model test data.
In this paper, the probability results obtained by the probabilistic model are taken as sample data, and the linear regression method is used to simulate the quantitative dependency between the recommended service reliability and the probabilistic model within a certain period of time. Predict the reliability of the recommended service for a certain period of time. In the qualitative verification stage, the check result is the probability value r. Depending on the different properties, the probability value r may be the probability of the start service Si reaching successfully the target service St while satisfying the property, it can also be a probability of from the initial state reaching successfully to any state. We use the linear regression analysis proposed by Gao et al [18] . To evaluate the reliability of the service recommendation.
In this paper, the following linear regression equation model is used to represent the reliability prediction of the service, that is, the probability value of some service successful recommendation.
y = a + bt
(1)
Symbol t represents the execution time of the quantitative model check, Symbol y represents the service recommendation reliability probability value predicted in this paper, and a and b are the coefficients of the linear regression equation. The predicted probability value varies with the execution time t.
There is a random value u between the actual value of the probability value and the predicted value and the change of symbol u follows a normal distribution.
After a series of derivation, we can get the values of a and b. After obtaining the regression coefficient, the fitting degree and the standard error are evaluated, and finally the linear regression equation model is deduced.
III. VERIFICATION OF SERVICE RECOMMENDATION PROCESS
The process of quantitative verification involves functional verification and performance analysis. We adopt probabilistic model checking techniques to verify the Web service recommended to get its quantitative results, that is the correctness of the recommended web service, as well as qualitative results, that is its probability A set of context information can determine a state of the user, and the user state can infer the service which is the user needs. The user's behavior model can be defined according to the user's state. It is a tuple (S, S0, R, AP, L) , where, -S is a finite set of states; Each state represents the Web service entity that is recommended to the user -S0 is an initial state; -R: S S is a finite state migration set;
Definition 1 (User behavior model
-AP is a finite set of atomic propositions; -L : S 2 AP is a proposition assignment function. It describe the properties of the service.
Suppose such a scene: a visitor is visiting in a gallery. The gallery has four exhibition halls , each of which has two pieces of work. When he stay in front of a piece of work, the system will recommend the voice introduction of the current works for him. as Fig.3 shows The location context can be obtained by mobile devices. The visitor is free to walk about or stand watching a display items. When he stops in front of a display items, the audio-visual presentation will be recommended to him. Location context can be obtained easily by mobile device. Assuming the location information corresponds to the required service, thus, the location information can represent a state. The transition between different states depends on the visitor's behavior which is random. As shown in the following figure. The randomness of user behavior and the instability of mobile computing network will make the service recommendation unsuccessful. We can use the migration probability matrix to describe it. As shown in Table 1 , there is a transition from one state to another state and the corresponding cell indicates the frequency of successful service recommendation. This column marked fail indicates that the frequency of unsuccessful service recommendation. For example, the frequency of successful service recommendation from state "start" to state "A " , state "B", state "C", state "D" even state "End" is 5, 4,3,1 times and 1 times, respectively. Failure occurred 2 times. 
We adopt a probabilistic model, discrete time Markov chain (DTMC), to describe the behavior of the recommended web services, and validate the specified attributes in the form of a temporal logic (PCTL) and evaluated by probabilistic model checker PRISM.
The quantitative verification of DTMC focused on probability reachability property can verify both functional and non-functional behaviors. As the mobile device screen is small, the user will be staring at the screen waiting for a service response. Once the user's status changes, the system will recommend the service to the user within the specified time which is called "response time". The length of the response time directly affects the user's experience. In general, there is a standard of response time. It called 2/5/10 seconds principle. That is, It will be considered "very attractive" user experience if user is responded within 2 seconds. Within 5 seconds to respond to the user is considered "relatively good" user experience and within 10 seconds to the user response is considered "bad" user experience. If more than 10 seconds have not been answered, then most users will think that this request is a failure. So the service response time and cost is what we should consider. The probabilistic computational tree logic formula can be used to verify the user behavior model which is an extension of the PCTL.
IV. CASE STUDY AND EXPERIMENTS
As shown in Figure 5 , the circle represents a status of the user, a curve line with an arrow represents user' status transition, the arrow represents the conversion direction. The number on a straight line represents the probability value from one state transition to another.
To verify the recommended web service reliability, we translate the DTMC model into language PRISM. Table II shows PRISM code's variables and guarded commands. The variable is defined as enumeration type with initial value, such as "state:[Start, A, B, C, D, End] init 0". And The protection command specifies the conversion probability. For example, in line 5, when service state Start is visited, the transition will evolve to service state A, service state B and service state C and service state D and state service End with probability of 33.3%, 26.1% ,7.5% and 0.6%, respectively. In business process events, more research is about the reachability of the recommended service, that is, a path from the initial state to the final state is reachable. In the intelligent service recommendation process, each state is random, the state of the conversion is also random. It is only necessary to qualitative and quantitative analyze the services recommended for the current state and its successor. On this basis, add a property P=?[s=Start->f(End)] to calculate the probability value. In our experimentation, we get the user's location context, and dynamically build the model and calculate every 10 seconds while mobile user is moving. Table II is the result we get in one minute.
Fig. 5. Part of the Markov chain usage model
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Statement [1] dtmc [2] modue RWS [3] //local variables [4] State We experimented on a computer with 2.4 GHz CPU and 4 GB RAM and Windows 7 Operating System. Table III shows the probability model verify results in such a simulation environment. The result of the property check indicates the reliability probability of the recommended service to the user when the user passes through each location.
The linear regression equation is solved by the property P=?[s=B->f(End)] as an example. Calculate the values of the linear regression equations a and b based on the resulting data. According to the above formula, the linear equation y = 0.9535-0.064t is obtained, which indicates that the service recommendation for the visitor from the state B transit to the state End. The probability of the service successful recommendation is 0.9535. As the system execution time increases, the rate of service degradation decreases by 0.064. At the same time can calculate the degree of fitting r = 0.95, it is to meet the requirements. According to the standard error formula, the error value is 0.0364. Finally, the regression equation is described as y =0.9535-0.064t±0.0364.
The data collection phase collects the user location information for the first minute which is divided into seven fragments. The recommended reliability test results are shown in Figure 5 . The red line is the trend of the predicted value of service reliability. It can be seen from the figure 5 that after the time fragments 2, the probability of service End providing successful service is reduced. Through the analysis and prediction of reliability can be found in the system will occur in the failure of the service, and the implementation of service recommendations to prevent the occurrence of service failure, improve the user experience.
V. CONCLUSIONS
In this paper, we concentrated on studying the evaluation of the reliability of the recommended service. Our approach complete the mapping of the formatted context information to the desired service state and construct a DTMC model for performing probabilistic model checking. Then, the PCTL formulae extracted by state converge were used as the quantitative property of recommended Web service. After executing formal verification in model checker PRISM, we introduced a statistics method to show the linear equation for revealing the relationship between the reliability and the invocation duration time. Finally, a case study was discussed, and experiment results shown that our approach had a good reliability by adopting parameter estimation method, making the recommendation more accurate. 
